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Abstract

The horizontal touch and Langmuir—Blodgett techniques have been used to transfer a monateyetadecanol from the gas—solution
interface of a Langmuir trough onto the metal-solution interface of a Au(1 1 1) electrode. Chronocoulometry has been used to determine the
charge density at the electrode surface covered by the filmoatadecanol. The surface pressure of this film was calculated from the charge
density data and was found to be controlled by the electrode potential. We have demonstrated that by dialing the potential applied to the
electrode via a potentiostat the monolayer adsorbed on the surface can be compressed or decompressed. Two states of the monolayer wel
observed. The transition between these states took place at a film predumeN nT!. Neutron reflectometry and polarization modulation
Fourier transform infrared reflection absorption spectroscopy have been employed to determine the nature of the two states. The results
show that octadecanol molecules form a two-dimensional solid film at all film pressures. At film pressures larger than 12tméNfitm
has low compressibility and-octadecanol molecules assume a small tilt angle with respect to the surface normal. At film pressures lower
than 12mNm?! a compressive film is formed in which the tilt angle progressively increases with decreasing surface pressure. We have
demonstrated that the properties of a monolayaroftadecanol at the metal-solution interface display many similarities to the properties
of that film at the air—solution interface.
© 2004 Elsevier Ltd. All rights reserved.

Keywords:Langmuir—Blodgett method; Chronocoulomerty; Photon polarization modulation Fourier transform infrared reflection absorption spectroscopy;
Neutron reflectometry

1. Introduction coatings for studies of friction, lubrication and wetting, or to
build a sensor, protective film and/or a molecular electronics
The past decade has witnessed a significant revival ofdevice. Langmuir films can also be deposited onto a metal
interest in the properties of monomolecular insoluble films electrode surfacg3—16] and subsequently be exposed to
formed by amphiphilic molecules at surfa¢gg These films static electric fields on the order of U/m. The electric
are called Langmuir monolayers. They can easily be formed field, or potential applied to the electrode, may be used to
at the surface of a Langmuir trough where their physical state force a phase transition in the film, aggregation or desorption
and two-dimensional (2D) ordering can be controlled by of the amphiphiles.
mechanical compression. Using either Langmuir—Blodgett In this paper we apply neutron reflectometry and pho-
or Langmuir—Schaefer techniqugd, the monolayers can ton polarization modulation Fourier transform infrared
be transferred to a solid support to provide well defined reflection absorption spectroscopy (PM-FT-IRRAS) to in-
vestigate field driven transformations in a monolayer of
mspondmg author. Tels1-519-824-4120 ext. 58543: n-qctqc_iecanol depositeq at gold electro_de surfaces. Am-
fax: +1-519-766-1499. phiphilic n-octadecanol is a representative fatty alcohol,
E-mail addressilipkowski@chembio.uoguelph.ca (J. Lipkowski). whose structure and phase diagram at the air—water inter-
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face was intensively studied,17-24]using compression  elevated (ca. 2mm) to assume a hanging meniscus con-
isotherms in a Langmuir trougf21,25], X-ray diffraction figuration and the electrochemical characterization of the
[1,19,20] and Brewster angle microscogg4]. Langmuir surfactant-covered Au(1 1 1) surface was carried out.
monolayers ofn-octadecanol show a polymorphism. De- In addition, monolayers afi-octadecanol were deposited
pending on the surface pressure and temperature, theyontothe gold electrode surface using the Langmuir-Blodgett
may exist in two-dimensional solid, tilted (monoclinic technique. A LB trough equipped with a moving barrier
or distorted hexagonal) and non-tilted (hexagonal or or- and a Wilhelmi plate (KSV, Finland) was employed in these
thorhombic) phase§l,21]. The phase transition between experiments. The trough was controlled by a computer us-
tited and non-tilted states is observed at surface pressuresng KSV LB5000 software. The monolayers were prepared
~12mNnT? [21]. Below 12mNntl, the film forms the at room temperature, 28 2°C on the aqueous subphase.
so-calledL, phase in which the molecules are tilted and The monolayers were compressed to a surface pressure of
packed in a distorted hexagonal or a monoclinic sub-cell 35 mNnT ! and transferred onto the gold electrode surface
[1]. Above the phase transition the hydrocarbon chains areby either vertical withdrawing (at speed= 3 mmmir 1)
aligned perpendicular to the air—water interfgt21,22] At or immersing through the film (at speed= 8 mmmin1)
temperatures above8°C the vertically oriented molecules as schematically shown iRig. 1B and C respectively. In
are packed in a hexagonal sub-cell (LS); belo®°C the all experiments the monolayersmctadecanol were trans-
packing is orthorhombic (§p1-24] ferred onto the gold electrode surface with a transfer ratio
For a film of n-octadecanol deposited onto a gold elec- 1.0+ 0.1.
trode surface, we will show that the potential applied to the
electrode changes the film pressure. By changing the poten- 2 Ejectrochemical measurements
tial one can compress and decompress the film almost as

effectively as by moving a barrier at the surface of aLang-  The electrochemical measurements were carried out in
muir trough. By a concerted use of NR and PM-IRRAS 1 gj| glass three-electrode cell using the hanging meniscus
techniques we will investigate the potential induced changes configuration27]. The Au(1 1 1) crystal served as the work-

!n the film structure. We _vviII compare the phase transitions ing electrode (WE) and a Au wire as the counter electrode
in the monolayer deposited at a gold surface to the phase(cg). The reference electrode was a silver—silver chloride
changes in the film spread at the air—solution interface. We glectrode (SSCE) in the saturated solution of KCI connected
will demonstrate that using a combination of electrochemi- g the cell via a salt bridge. The cleanliness of the base elec-
cal, spectroscopic and neutron scattering techniques one Calrolyte was checked by cyclic voltammetry and differential

provide a molecular level description of the structure of thin capacitance (DC) measurements using the experimental pro-
organic films at an electrode surface with unprecedented de-

tail.
2. Experimental _ T

2.1. Reagents and thin film preparation methods

eammosmsewa cun e nevanns I ERELCCLEHEE

to give ~1.0mg mL1 stock solutions. A few drops of the

stock solution, sufficient to give about three monolayers of

n-octadecanol, were injected onto the air—solution interface (A)

of an electrochemical cell and left fer30 min to allow the

surfactant to spread and the surface pressure to attain the T 1
equilibrium spreading pressure, equal to 33 mNnfil4].

The film was transferred from the air—solution interface to = =
the gold—solution interface using the Langmuir—Schaefer
[2,26] (also called the horizontal touch method) as shown
in Fig. 1A. To transfer a monolayer at a controlled po-

tential, a dry gold electrode was slowly approached to the —

film covered air—solution interface until contact with the (B) (C)

solution was established. The surface of the electrode was_

diusted to b lel to th " f th lectrolvt Fig. 1. Scheme of the molecular arrangement in a monolayer on the
pre-adjusted to be parallel to the surrace O € electrolyte electrode surface obtained using: (A) the horizontal touch method; (B,C)

and the working electrode potential was preset to 0.0V the Langmuir-Blodgett method by (B) withdrawing, (C) immersing the
(SSCE). After the deposition, the working electrode was substrate through the interface covered by the monolayer.
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cedures described previougB8]. The cyclic voltammetry Prior to the experiment, the window was washed in wa-
curves were recorded at a scan rate of 20 mY $he differ- ter and methanol and then cleaned for 20 min in an ozone
ential capacity curves were determined using a scan rate ofchamber (UVO-cleaner, Jelight, Irvine, CA). Prior to the
5mVs ! and an ac perturbation with 25 Hz frequency and assembly of the spectroelectrochemical cell, a monolayer
5mV r.m.s. amplitude. A computer-controlled system, con- of n-octadecanol was transferred onto Au(111) surface by
sisting of a HEKA potentiostat/galvanostat, a HEKA scan the horizontal touch method. After the organic film was de-
generator (Lambrecht/Pfalz, Germany) and a lock-in am- posited onto the electrode surface, the cell was filled with
plifier, EG&G Instruments 7265 DSP (Cypress, CA), was the electrolyte and argon was purged through the solution to
employed to perform electrochemical experiments. All elec- remove oxygen. The electrode was then pressed against the
trochemical data were acquired via a plug-in acquisition BaF, window to form a thin layer configuration. A starting
board (National Instruments PCI 6052E) and custom-written potential ofE = 0.20 V(SSCE) was applied to the electrode
software generously provided by Professor Dan Bizzotto and spectra were collected in a series of potential steps. Ini-
of the University of British Columbia. The differential ca- tially, the potential was stepped in the negative direction us-
pacity curves were calculated from the in-phase and theing a step increment of 0.050 or 0.2V until a negative po-
out-of-phase components of the ac signal assuming a simpletential limit (at which point the film is detached from the
series RC equivalent circuit. electrode surface) was reached. At this point the direction
Chronocoulometry was used to determine the charge den-of potential steps was reversed and spectra were collected
sity at the electrode surface. The gold electrode was heldat 0.050 or 0.2V intervals up t& = 0.20V (SSCE). For
at a base potentidi, = 0.0V for 30s. Then the potential  this initial cycle of steps, 1000 scans were recorded at every
was stepped to a variable potential of intefgstwhere the potential. Subsequently, the cyclic series of potential steps
electrode was held for a timg, equal to 20s. Next, a po- was repeated 20 times so that a total of 8000 scans were
tential step to the desorption potenties = —0.725V was recorded at each potential. The instrument resolution was
applied for 150ms and the current transient corresponding2 cm 1. At the end of the measurement, before averaging,
to the desorption of the film and recharging of the inter- the scans were individually checked for anomalies using an
face was recorded. Finally, the potential was stepped backautomated software macro.
to Ep for 30 s before new potential stepskp and fromE; Measurements of IR spectra were carried out with the
to Eges were applied. The integration of the current tran- PEM set for half-wave retardation at 2900chfor the CH
sients gives the difference between charge densities at postretching region and to 1450 crhfor CH bending modes.
tentialsE; and Eqes Similar experiments were performed At the PEM setting of 2900 cmt, the 2400-3200 crmt
at the film free electrode in the pure supporting electrolyte. band-pass filter was employed. In the CH stretching re-
The absolute charge densities were then calculated usinggion, the angle of incidence of the infrared beam was set to
the independently determined potential of zero charge (pzc)52°. The electrolyte thickness between the electrode and the
Epzc = 0.31V versus SSCE. The gold single crystal elec- prism was ca. 2.fim, giving the highest enhancement of
trode Au(11 1) was grown, cut and polished in our labora- the intensity of p-polarized light on the electrode surface. In
tory [28]. Prior to experiments the electrode was cleaned by the CH bending mode region the angle of incident light was
flame annealing. Electrochemical experiments were carriedset to 60 and the gap between the prism and the electrode
out in 0.1 M NaF supporting electrolyte. IR measurements was 3.4um.

were performed in 0.1 M NaF dissolved inO (Cambridge The demodulation technique developed in Corn’s labo-

Isotopes Ltd.). ratory [30,31] was used in this work. After demodulation
two signals were measured: (i) the averaged intemgify);

2.3. Spectra collection and processing (ii) the intensity differencdp(w). The two signals have to

be corrected for the PEM response functions. A modified
The details of the PM-IRRAS experiments were described version of the method described earljg2] was employed

in our previous publicatior{16]. For clarity we provide to calculate the PEM response functions. The details of the
here the most important information. The Nicolet, Nexus calculations and the calculated PEM response functions are
870 (Madison, WI) spectrometer, equipped with an external described irf16]. Furthermore, the signalg (w) andlp(w)
TOM table, MCT-A detector, photoelastic modulator (Hinds have to be corrected for the difference between the optical
Instruments PM-90 with 11/2S50 ZnSe 50 kHz optical head, throughputs of the optical set-up for p- and s-polarized light
Hillsboro, OR) and demodulator (GWC Instruments Syn- [16,32] The ratio of the throughputs of the optical set-up
chronous Sampling Demodulator, Madison, WI) was used to for p- and s-polarized light was equal to 1.[%].
perform PM-FT-IRRAS experiments. The spectra were ac-  Finally, when in situ experiments are performed in a thin
quired using in-house softwaf29a], an Omnic macro and layer cell that contains an electrolyte, the measured spectrum
digital-to-analog converter (Omega, Stamford, CT) to con- has a background due to the absorption of the IR beam by
trol the potentiostat (HEKA PG285, Lambrecht/Pfalz, Ger- the aqueous solution in the thin layer. To correct the spectra
many) and to collect spectra. The IR window wa&.5cm for the background, a baseline was built for each spectrum
equilateral prism Bag(Janos Technology, Townshead, VT). using a spline interpolation technique. The same data points
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were used to build the spline for all the spectra. When all methanol (Aldrich). Two ZnSe disks were used as windows
these corrections are introduced, the background correctedf a thin layer cell that had a thickness of 2. The con-
spectrum plotsAS, which is proportional to the absorbance centration ofn-octadecanol in CBOD was 0.523% (v/v)

A of the adsorbed molecules as shownHxy. (1} and 800 spectra with resolution 4 chwere recorded. The
2(Is — I) attenuation coefficienk was determined from the trans-
AS= ———F =23A=23l¢ 1) mission spectra and the refractive indexvas calculated
Is+1Ip from k using the Kramers—Kroenig transformation. For the

where is the decimal molar absorption coefficientanthe ~ CH Strétching and bending regions the refractive index at
surface concentration of the adsorbed species. The term 2.3nfinite frequencyno was taken to be 1.4[B4].

appears irEq. (1)as a consequence of the Beer’s law written

as:Ir/Io = 101 +oNS) — exp(—2 3¢I" — 2.3cons} with 2.5. Neutron reflectivity—methods and experimental

Ir andlp being the intensities of the reflected and incident

beams and term “const” representing attenuation of the beam Neutron reflectivity experiments were carried out on the
by other than the monolayer components of the optical path NG-7 reflectometer at the National Institute of Standards and

[290]. Technology (NIST) in Gaithersburg, Maryland. The work-
ing electrode was derived from a polished single crystal

2.4. Transmission measurements (~ 82mmx ~ 38mmx ~ 13mm) quartz substrate ob-
tained from CrysTec GmbH (Berlin, Germany). Thin layers
Fig. 2 shows the isotropic optical constantsrebctade- of chromium and gold were sequentially sputtered on the

canol obtained using the procedure described by Allara substrates. The resistance of the thin film of gold was on the
and Swalen[33] for octadecanol dissolved in deuterated order of a few ohms. Details concerning the cell design and
assembly as well as substrate preparation and cleaning have
been provided elsewhe[85].

A film of octadecanol was spread at the surface of wa-

0.25
11s ter in a small Langmuir trough at the equilibrium spreading
L pressure and transferred onto the dry, gold-coated surface of
0.20 o . . . i
e 114 the quartz crystal using a single touch, Langmuir—Schaefer

technique. The electrolyte solution was 50 MM Kgl@re-

pared in DO (99.9%, Sigma). The electrolyte solution was
c degassed with argon and then introduced into the inlet of

the Teflon cell. The reference electrode was then placed in

an arm leading into the Teflon block.

Neutron reflectivity measures the normalized (by the in-
cident flux) intensity of specularly reflected neutrons as a
function of the momentum transfer veciQg:

0.15+

0.10+

0.054

T T T T T T T T ] 10
3000 2950 2900 2850 2800 .
47sing

(A) Wavenumber / cm’™ z= 5 (2)
0.050 — ) o
0.045.] z 1142 whered is the angle of the incident and specular reflected

1 s neutrons and the neutron de Broglie wavelength. A fixed
0.040 : Y.l .

e ) 41.40 neutron wavelength of 4.75A was used. The error points
0.035 . - .

] on the data represent the statistical errors in the measure-
0.030 {138 ments (standard deviatiar). A constant instrumental reso-

« 00257 5’ c lution of AQ,/Q; = 0.043 (FWHM) was used throughout
0.020 © 1136 the scan. An “inverted” geometry, in which the gold-coated
0.015 1 quartz electrode was above the solvent phase, was used in
0.010 14134 our experiments. Varying the angle of incidence allowed re-
0.005 4 J flectivities to be measured in thg, range of~0.0 to up
0.000 oo )\ 130 to 0.15 A1, The data was reduced taking into account the

1800 1750 1700 1650 1600 1550 1500 1450 1400 neutron beam transmission through the quartz substrate and

(B) Wavenumber / cm” corrected for the background. The scattering length density

_ , _ (SLD) and the film thickness data were determined by fit-
Fig. 2. Isotropic optical constants @foctadecanol calculated from the

transmittance of its 0.523 vol.% solution in a DD (A) CH stretching; ting a model to the reﬂeCtIVIty Ccurve using the Parratt 32

(B) CH bending regions; (solid line) attenuation coefficiek); (dotted fitting algorithm[36]. As a measure of the “goodness of fit”
line) refractive index ). one can calculate the error bar weighted difference between
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the experimentalR™€2y and calculated curve&§2)) via the 25
following algorithm: 1
20
cal meas 2
_ _Z(R — RMeay @)
o 154
£
wheres; is the error in the measured point aNdhe total “ ol
number of experimental points. o
54
3. Results and discussion
0 T T T T T
. -0.8 0.6 0.4 0.2 0.0 0.2
3.1. Electrochemistry @ E/V
We would like to stress that the electrochemical be-
havior of n-octadecanol monolayers transferred from the * o°
air—solution interface to the metal-solution interface in 0+ W
KCIO4 based electrolytes has been covered in detail by 5] =~ :
Bizzotto et al.[8-15]. Herein, we include electrochemical o q.%
results for two reasons: (1) a NaF solution rather than a g -104 a0
KCIO4 solution had to be used for the PM-FT-IRRAS mea- % 5] .5’,@’
surements; (2) the interpretation of the PM-FT-IRRAS and \bz M
NR results is conveniently explained in terms of the elec- -20+
trochemical characteristics of the transferredctadecanol 25 .’/”ﬁ&’r
monolayersFig. 3 shows the electrochemical characteris-
tics of the monolayer film transferred onto the gold—solution -30 s o6 o4 o2 o0 o2 oa
interface atE = 0.0V (SSCE). The differential capacity )
curves displayed in panel 3a, indicate that adsorption of ® IV
n-octadecanol at the gold electrode has a two state character. 50
The first state corresponds > —0.1V (SSCE) where the 1
capacity decreases to a low value d% 0.5 wF cmi 2. The 404 jz Q@“'
second state is observed betweed6V < E < —0.1V %se ,@-'
(SSCE) and is characterized by a capacity-aB wF cm 2. 305 = ag‘"
The pseudo-capacitive peak observed At~ —0.1V k= 1 2
(SSCE) corresponds to the transition between the two states. Bl Boom e B
Its position depends somewhat on the direction of the volt- = g
age scan and the scan rate. This behavior indicates that the 2
phase transition is relatively slow. 107
At potentialsE < —0.7V (SSCE) the capacity of the
electrode initially covered by the monolayer approaches the I mmmeE , —

T T
-08 -06 -04 -02 00 02 04

capacity of the surfactant free interface, indicating that the © v

film of octadecanol is desorbed or detached from the elec-
trode surface. When the voltage is scanned in positive direc-Fig. 3. (A) Differential capacity—potential curves of the monolayer of
tion, the film is re-adsorbed onto the electrode surface. We n-octadecanol transferred onto a Au(111) electrode in 0.1M NgB/H
note small but measurable differences between the diﬁeren-zg:usﬁco;r; “(;Iijnl‘i\rf;fl? J = Ve Izsga“;v(d(gtrt“éj-?i?ng‘;gz‘:i;’:eF;Ztceonra o
tial capacity curves measured in the first Scal.ﬁ after the trans_in the absence of t’hg monolgyer (dashed line). (B) Ch’arge density and
fer of the monolayer at = 0.0V (SSCE) and in the second (¢ surface pressure—potential plots for mmctadecanol monolayer in
and consecutive scans when the monolayer is re-adsorbeahe first negative potential steps (filled squares), successive negative (filled
after being detached from the gold surfacetak —0.7V circles) and positive (open circles) potential steps, charge density at the
(SSCE). The minimum value of the capacity in the first scan film free Au(111) glgctrode surface (small squares). Inset c_)f panel C
amounts to 4.§F en2 while in the second and consecu- §h0\/}/s the Langmuir isotherm for amoctadecanol film at the air—water
tive scans it increases to Ju¥ cm 2. iniertace.

The differential capacity of a perfect monolayer of ver- suggests that the film is not perfectly transferred from the
tically oriented n-octadecanol molecules should be equal gas—solution to the metal—solution interface. The transfer ra-
to 1.7uF cm? [37]. The measured values of the differ- tio (surface coverage) can be estimated with the help of
ential capacity are significantly higher and this behavior the measured values of the differential capacity using the
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formula[38]: posed of two overlapping parabolas. A fragment of a small
Co—C parabola can be seen at negative potentials and film pres-
6 (4) sures less than12 mNnt? (at £ = —0.12V an inflection

~ Chase— C : . .
base™ ™ perfect is observed) and a section of the large parabola with the

where Cy is the capacity in the absence of the surfactant maximum at~0.2V can be seen at film pressures larger
and Cperfect= 1.7pFem2. At E = 0.2V the differential ~ than 12mNm.
capacity of the gold/0.1 M NaF electrolyte is RE cn 2. The inset to panel 3c shows the compression isotherm
At this potential the capacity of the monolayer transferred for the monolayer oh-octadecanol at the air—solution in-
by the horizontal touch method is equal to gBcnm 2 terface. The film oh-octadecanol also forms two states at
corresponding to the transfer ratio (surface coverage)this interface. The solid tilted film at pressures lower than
6 =0.9. 12.5mNm! and the solid non-tilted film at higher film
Panel 3b shows charge density curves determined frompressureq1,21]. Interestingly, the phase transition at the
chronocoulometric experiments. Three series of measure-gold—solution and the air—solution interfaces takes place at
ments were performed. In the first series (full squares) the similar values of the film pressure. This behavior suggests
monolayer was transferred to the gold electrodg at 0.0 V that by changing the electrode potential one can compress or
(SSCE) and then the potential was changed to the v&lue decompress the film at the gold—solution interface in a man-
plotted in the figure. The charge was measured by steppingner similar to the way the displacement of a movable barrier
the potential fromEs to —0.725V (SSCE). The electrode in a Langmuir trough affects the compression of the film at
was then removed, flame annealed and brought again in conthe air—solution interface. We note that the highest value of
tact with the monolayer covered gas—solution interface at the surface pressure of the film at the gold electrode surface
E = 0.0V (SSCE). A new (more negative) value Bf was amounts to 42 mN m! and it is higher than the value of the
then applied and the charge corresponding to the potentialequilibrium spreading pressure of the film at the air—solution
step to—0.725V (SSCE) was measured again. For each po-interface (33 mN m?). To investigate the origin of this ef-
tential E¢, the charges plotted in panel 3b are the average of fect, monolayers ofi-octadecanol were transferred onto the
three independent measurements. In this series, each charggold electrode surface using the Langmuir—Blodgett tech-
density point corresponds to the film that was freshly formed nique.

at E = 0.0V (SSCE) and desorbed at0.725V (SSCE) Fig. 4 compares the electrochemical properties of the
only once. monolayer transferred using the horizontal touch method
In series two and three, the film was formedtat 0.0 V (curve 1) with the properties of monolayers transferred

(SSCE) and then a train of potential pulses with a vari- by withdrawing the electrode through the film compressed
able amplitudeE; was applied to determine the charge den- to 35mNnT! (curve 2) and by immersing the electrode
sities. Open circles correspond to the train of pulses with through the film (curve 3). Although the three films display
amplitude progressively increasing in the positive direction. qualitatively similar electrochemical behavior, one notes
Full circles plot charge densities measured when the ampli- that the lowest capacity, the largest change in the charge
tude ofEs was progressively decreasing moving from 0.4V density and the highest film pressures are observed for the
(SSCE) in the negative direction. In these experiments, thefilm transferred by the horizontal touch method. The lowest
film was desorbed at0.725V (SSCE) and re-adsorbed at value of the surface pressure is observed for the LB film
Er many times. Clearly, similar charge density curves were transferred by withdrawing the electrode through the film
determined in each series of experiments. The charge den{30 mN nT1) when the OH groups are directed to the metal.
sity curves display two overlapping steps, the small one at Intermediate values of surface pressures are observed for
0.5 < E < —0.15V (SSCE) and the large one a0.15 < the film transferred by immersing the electrode through
E < 0.4V (SSCE), that can be assigned to the two statesthe monolayer at the trough surface and withdrawing it
of the film identified earlier with the help of the differential  through the decompressed surface (molecules oriented with
capacity curves. More positive potentials were not applied the hydrocarbon tails turned toward the metal). However,
to avoid oxidation oih-octadecanol. for this film, the electrode capacity and the charge den-

The area between the charge density curves for the sup-=ity curves show a steep rise At> 0.1V. This behavior
porting electrolyte and the octadecanol film corresponds to suggests that the film may be oxidized at these positive
the surface pressure of the film, which can be calculated us-potentials.

ing the formula[28]: This hypothesis is confirmed by recording the IR spectrum
E E of the monolayer oh-octadecanol recorded & = 0.2V,

IT=yo—vy —/ om dE —/ omo dE (5) as presented ifrig. 5. The spectrum shows bands of the
E—0.725 E-0.725

carbonyl stretch and the asymmetric and symmetric stretches
where yo and y are the surface energies awng;; and of the carboxylic group that were absent in the transmission
om are the charge densities in the absence and in thespectrum of pure octadecanol (deg. 2b. Their presence
presence of the film, respectively. The surface pressureindicates that a partial oxidation of this surfactant takes place
curves are plotted in panel 3c. They are seen to be com-at the gold electrode surface at higher positive potentials.
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Fig. 4. (A) Differential capacity; (B) charge density; (C) surface pressure
vs. potential plots of a monolayer ofoctadecanol transferred onto the
Au(111) electrode using: (1) the horizontal touch method; (2,3) the
Langmuir-Blodgett method—(2) withdrawing; (3) immersing of the gold.
The electrolyte solution was 0.1 M NaF in8.

To summarize this section, electrochemical measurements

demonstrate that a monolayer wctadecanol transferred

from the gas-—solution interface is defected. This is not an
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Fig. 5. The PM-FT-IRRAS spectrum in the carbonyl stretching and CH
bending region of a monolayer ofoctadecanol on the Au(11 1) surface
at E=0.2V (SSCE) in 0.1 M NaF/pO.

oxidized and then it may have an admixture of aldehydes
and carboxylic acids. The shift of the pzc in the negative
direction and consequently somewhat higher values of the
surface pressure for the horizontal touch film may be ex-
plained by the presence of ionized carboxylic groups in the
film (the pH of the solution is~9). At this pH, at the film
free Au(111) surface the onset of OHadsorption is ob-
served atF ~ —0.2 V. Initially, the coverage of OH is small
and changes slowly with potential and then increases steeply
at E > 0.2V [40]. In the presence of a monolayer the OH
adsorption should be blocked, however at defects a partial
oxidation of then-octadecanol molecules may already take
place at quite low potentials.

3.2. Neutron reflectivity—results and discussion

Neutron reflectivity (NR) experiments were performed in
an effort to determine the thickness of the octadecanol film
formed by the horizontal touching technique. A detailed ex-
planation of our treatment of neutron reflectivity data has
been given recentl{35]. Briefly, the specular reflection of
monochromatic neutrons provides information on the nu-
clear composition of the interface in the direction perpen-
dicular to the surface (denoted as theirection). Using the
kinematic approacfd1,42]it can be shown that the precise
relationship between the intensity of reflected neutrd®)s (
to the nuclear composition is given IBg. (6}

(4m)?

R(Q7) = Q_§f(p) (6)

unexpected result because recent Brewster angle microscopyn which the first term (proportional tQ,~*) describes the

studies ofn-octadecanol monolayers at the air—solution in-

Fresnel reflectivity from a single interface and the second

terface demonstrated that the film also has many defects aterm is a function of the SLDy profile in the direction nor-

the air—solution interfaci89]. However, at the gold—solution
interface, at positive potentials, the film may be partially

mal to the surface. The SLD is determined by the combined
nuclear spin state of the nucleus—neutron scattering system
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and consequently depends on the nuclear composition of thebe estimated by assuming that the organic layer is a binary
film. component system of { and octadecanol.

The functionf(p) in Eqg. (6)is not readily evaluated. The
commonly used approach to analyze NR data is to build a
model of the interface consisting of discrete layers and cal- The SLD for a compact (20%tail) layer of hydrocarbons
culate the reflectivity using an analogous approach to the OP-(porg) is equal to—0.49 x 10-6 A—2. For the NR measure-
tical matrix method43] or using Parratt’s recursion method ment atE = +100 mV we see that the volume fraction of
[44]. The model is compared to the measured reflectivity and p,0 is 47%.
the layer parameters (film thickness and SLD) are adjusted Fig. 6B shows the experimental and the best-fit curves
to give a best-fit using non-linear, least squares regression. for the same octadecanol film but now at a potenfiak

In our treatment of the neutron reflectivity of octadecanol _300 mv. Comparison dfig. 6A and Bindicates that there
monolayer films we fixed the thickness of the Crand Au lay- is a systematic decrease in the overall reflectivity of the curve
ers as these were determined independently by X-reflectivity measured at the more negative potential. This is explained

measurements. The roughness of the quartz substrate wagy a decreased contrast in the scattering length densities
determined by X-ray reflectivity to be 5A. This root mean

square roughness was then fixed as an overall roughness

Protal = XPsolvent+ (1 — X) porg (7)

for the chromium and gold modified electrode. Because the 14 3

SLDs of both quartz and D are known, the only adjustable ]

parameters in the fitting were the thickness of the octade- 0.1_; i

canol film and the SLDs of the Cr, Au and organic layers. E E
Fig. 6A presents the results of the NR experiment per- 1

formed on an octadecanol monolayer formed by the horizon- E 0'01'5 3

tal touch procedure when the electrode potential was held:i_) ]

at+100mV (versus SSCE). The points with associated er- ¢ 1E-33 3

ror bars represent the experimentally obtained data whereas ]
the solid line is the reflectivity calculated from the best-fit 1E_4_;
model of the interface. To eliminate the fast Fresnelian de- E
cay of the reflectivity it is convenient to multiply the reflec-
tivity by QQ‘. The inset inFig. 6A shows the same data as E
in the main figure but now the fast decay of the reflectiv- T
ity with the momentum transfer vector has been removed.

In either representation it is seen that the best-fit curve and(A)

the experimentally measured curve are in very good agree-
ment. The best-fit parameters Br= +100 mV (SSCE) are
shown inTable 1and graphically represented kig. 7 as

an SLD profile (SLD versug position). The best-fit results
indicate that the gold and chromium layers have SLDs close
to the theoretical values @1 x 106 and 301x 106 A—2,
respectively). More importantly, the thickness of the organic
layer is found to be 22.3 A which corresponds to a tilt angle
of 8° and indicates that the octadecanol layer transferred to %
the electrode via the horizontal touch method is vertically
oriented. Additionally, the volume fractiow, of D,O can

lectivity

Table 1

Thickness and scattering length density values for chromium, gold and -
. T T T T T T T

the organic layer 0.00 0.05 0.10 0.15

System Chromium Gold Organic film %2

(®) Q /At

78 SLD° 2 SLDP 2 SLDP x

Fig. 6. Neutron reflectivity curves obtained for a monolayer of
per-hydrogem-octadecanol deposited onto a gold-coated block of quartz.

C180H, E=100mV 35 3.65 75 456 223 2.69 0447 )
The electrolyte solution was 0.05 M KCJOn D,0; Panel A atf = 0.1V

C180H, E = -300mV 35 3.65 75 456 214 3.61 0%Q.9

and panel B atE = —0.3V. Insets display the same reflectivity data
a Thickness of layer in A. plotted asRQ* in order to eliminate the fast Fresnelian decay of the
b Scattering length densitx 10° A—2, reflectivity. Points with associated error bars are the experimental data,

¢ Volume fraction of solvent. solid lines show the best-fit curves.
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of the organic film and the electrolyte backing. Indeed, the
best-fit analysis reveals that the SLD of the octadecanol film
at E = —300mV has risen by nearly 40%. This observation
is consistent with an increased solvent occupancy in the film
and by employing=q. (7) we see that the volume fraction

of D20 has risen to 60%. It is interesting to note that the
film thickness has decreased to 21.4 A corresponding to an ¢,
18 tilt angle. The neutron reflectivity experiments indicate
that the octadecanol monolayer becomes more defected (i.e.
an increased level of solvent) and more tilted °(3@rsus

8°) when the potential is dialed te 300 mV versus SSCE.
These potential dependent changes are shown in the SLD
profiles shown irFig. 7.

The neutron reflectivity data reveals that the mono-
layer of n-octadecanol, transferred onto the gold-coated
block of quartz is patchy. Recently we described similar
problems with the formation of a patchy monolayer of Fig. 8. PM-FT-IRRAS spectra in the CH stretching region for the mono-
4-pentadecyl-pyridine at the gold-coated block of quartz !ayer o_f n-octadec_anol on Au(11 1_) surface_at differerlt potentials_mar_ked
[35]. The reflectivity data for a patchy adsorbed layer at in the figure: (A) first; (B) successive negative potential steps; (th_lckllme)

. d . spectrum calculated from the optical constants for the randomly distributed
the interface can still be modeled and analyzed in terms of molecules in the monolayer thick film (2.5nm) at the Au electrode sur-
stratified media as long as the area of the patches is smalleface in the stratified BaffD,0/Au three-phase system, thickness of the
than the transverse coherence length of the neutrons. Thed20 layer 2.2um and the angle of incidence §3tonvergent beam with
neutron coherence length is the distance over which thea S convergence angle.
neutron wavefront can considered planar and for the range
of Q; values employed, it lies between 10 and LO0. scan).Fig. 8B shows spectra recorded when the potential is
The agreement between the tilt angles determined from theagain changed from 0.2V (SSCE) in the negative direction
neutron reflectivity data and the PM-IRRAS experiments (re-desorption scan) following re-adsorption of the previ-
described below indicates that in our experiments the sizeously desorbed film. For comparison, the thick solid line in

(8)

AS

0.005

— T T T T T T — T T T T T T
3000 2950 2900 2850 2800 3000 2950 2900 2850 2800
Wavenumber / cm™ Wavenumber / cm™

of the defects were less than the coherence length.
3.3. IR spectroscopy

3.3.1. CH stretching spectra of the n-octadecanol
monolayer

Fig. 8plots the PM-FT-IRRA spectra in the CH stretching
region of n-octadecanol monolayeFig. 8A shows spectra
acquired for a freshly deposited film by changing the poten-
tial from 0.2V (SSCE) in the negative direction (desorption

~

E
6+ 5 DO | A
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Fig. 7. The SLD profiles determined from the best-fit of a model to the
reflectivity data.

Fig. 8Aplots the reflection absorption spectrum of randomly
orientedn-octadecanol molecules calculated from the opti-
cal constants presentedhig. 2, assuming that the thickness
of the film is equal to 2.49 nn¥5] and using the angle of
incidence and the thickness of electrolyte layer determined
at the beginning of the PM-FT-IRRAS experiment.

In the transmission spectrum of the solutiomedctade-
canol, the positions of CH stretching bands arg(CHs)
at 2959.9cm?l; vaCH,) at 2932.9cm?l; vg(CHs) at
2876.0 cnt andvs(CHy) at 2857.9 cmt. In the monolayer
deposited at the gold electrode surface, the frequencies of
the CH stretch bands correspondingvtg(CHs), vag(CH>),
vs(CH3) and vs(CH,) are centered around 2958t
~2915cnt?!, 2872 cnt! and 2850 cm?, respectively. The
vas(CH>) peak is asymmetric with the shoulder appearing
around 2930cm! originating from the Fermi resonance
between the symmetric methyl stretch fundamental fre-
guency and the overtones of the methyl asymmetric bending
modes[46,47] In the spectra for the monolayer transferred
to the gold surface from the gas—solution interface, similar
band frequencies are observed for the freshly formed and
re-adsorbed film. Although, the band positions are inde-
pendent of potential, they are significantly red shifted with
respect to the frequencies of the corresponding bands in
the spectrum calculated from the optical constants. The
position of the CH stretching bands is sensitive to confor-
mational changes of alkyl chairj46,48] The frequencies
of vadCHp) less than 2920 cmt and vs(CH,) less than
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Fig. 9. For a monolayer offi-octadecanol at the Au(111) surface, the anglebetween the direction of the transition dipole moment and the electric
field of the photon (surface normal) plotted vs. the electrode potentialv{&LHy); (B) vs(CHy). (C) Changes of the tilt angle of the hydrocarbon
chains (filled circles and filled squares) and the differential capacity curve (solid line) vs. potential. In panels (A—C) the points correspéimgling to
first negative potential steps are represented by (filled squares) and the points corresponding to the first positive potential steps are regfilednted b
circles). lllustrations for the pertinent transition dipole moment are shown for each vibration.
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2851 cnt! indicate that monolayers of-octandecanol are

3661

from which the tilt angle of the chain can be calculakeg. 9

in the two-dimensional solid state and that the hydrocarbon shows the dependence @fs (panel A),6s (panel B) and

chains are fully stretched in an all trans zigzag orientation
[46].

The CH stretching bands in the spectra of the monolayer
of n-octadecanol are significantly narrower than the corre-

Ochain (Panel C) on the electrode potential. Full squares mark
the first desorption scan (voltage scanned in negative direc-
tion) and the full circles mark the first re-adsorption scan

(voltage scanned in the positive direction). The diagrams in

sponding bands in the spectrum of the solution species. InFig. 9 show the directions of the two transition dipoles and

the transmission spectrum of dissolvedctadeconal (spec-
trum calculated from the optical constants), the full-width at
half maximum (FWHM) is equal to 19.0 cm for the asym-
metric and equal to 14.2 cm for the symmetric methylene

stretches. In the film spread on the Au(111) surface, the

FWHM of the va{CHy) is equal to 72+ 0.2cm! and of

the vs(CH,) to 5.7 &+ 0.2cn . The half width of the IR
bands is determined chiefly by collision broadening. It re-
sults from the perturbation of energy levels of the absorbing
molecules by a collision with another molecule or a frag-
ment of the same molecul49]. Therefore, the band narrow-
ing indicates restricted mobility of the alcohol molecules in

illustrate how the chain tilt angle is defined. To facilitate the
comparison of spectroscopic and electrochemical data, the
differential capacity curve recorded during the desorption of
the freshly formed film is also plotted in panel 9C.

For a freshly deposited monolayer &at= 0.0V (SSCE),
the transition dipoles of bothyfCH2) and vs(CH2) form
a large angle® (~80° and ~84°) with respect to the sur-
face normal and the hydrocarbon chains stand almost ver-
tically assuming a small tilt angle of12°. This number
compares well with the tilt of 8determined from neutron
reflectivity experiments. By moving in the negative direc-
tion, the angle®,s andds decrease and the chain tilt angle

the monolayer adsorbed on the electrode surface, consistenticreases. For the freshly formed film, the changgsand

with the solid state nature of this film.
The relative intensity of thea( CH2) andvs(CH,) bands

in the spectra for monolayers transferred to the gold elec-

Ochain With potential are much more pronounced than for the
re-adsorbed film. In contrast, the changeYgfare small
and are of comparable magnitude for the freshly formed and

trode and in the spectrum calculated for randomly oriented the re-adsorbed films. The significant difference between the

molecules is distinctly different. The ratio of the integrated
band intensities for randomly oriented molecules in solution
is equal to 2.7. For the freshly deposited filmmat= 0.2V
this ratio increases to-4 and in the re-adsorbed film to 20.
This behavior indicates that threoctadecanol molecules in

magnitude offys and 65 is a result of the restricted rota-
tion in then-octadecanol moleculeBig. 9C shows that the
changes in the tilt angle correlate very well with changes in
the differential capacity. The spectroscopic data clearly show
that the phase transition seen in the differential capacity (or

the monolayer deposited on the gold electrode surface arecharge density) curves involves a significant change in the

rotationally frozer[50]. For the freshly formed film, the in-
tensity of theva(CH2) band changes significantly with po-

tilt angle. In a good analogy to the behavior of the film at the
air—solution interface, the phase transition may be identified

tential. The changes with potential are much smaller in the as a transition between the vertical and tilted film. Finally,

re-adsorbed film. The intensities of thg(CH,) band also

it is useful to note that aE = —0.3V, the tilt angle is 23.

display much smaller dependence on the electrode potenA somewhat smaller angle of 18vas determined from the

tial. This behavior points to pronounced changes in the ori-
entation and/or rotation afi-octadecanol molecules in the
freshly formed and the re-adsorbed films.

The angle between the direction of the transition dipole
moment and the direction of the electric field vect@)sdan

neutron reflectivity experiments. However, PM-FT-IRRAS
and NR measurements report almost the same change of the
tilt angle ~10°-11° betweenE = 0.1 and—0.3 V.

To compare monolayers ofn-octadecanol at the
gold—solution and the metal-solution interfaces, the chain

be calculated from the integrated intensities of the IR bandstilt angles are plotted as a function of the surface pres-

using the following equatiof33,51}

1 A
cog = =5

8
3 A(randon) ( )

where: Ay equals the integrated intensity of the IR band
at a given potentialAcandom €quals the integrated inten-
sity of the peak for a random distribution of molecules in
the film. The directions of transition dipole moments of the
asymmetric and the symmetric Gldtretches are orthogonal
to each other and form a 9@ngle with the line of a fully
extended all trans hydrocarbon chain. Therefore, the angle
fas and s and the tilt angle of the chaifnain are related

by the formula[52]:

S

sure inFig. 10 The dependence of the tilt angle on the
film pressure at the gold-solution interface is shown in
Fig. 10A The tilt angles at the air—solution interface are
taken from the literature. They were measured using X-ray
diffraction [22,24] or Brewster angle autocorrelation spec-
troscopy[24] techniques and their values are plotted versus
the surface pressure iRig. 10B At the two interfaces, a
significant change of the tilt angle takes place at surface
pressures equal to 12-13 mN In addition, in the tilted
state (atr < 13mNnT?l) the changes of the tilt angle
with the surface pressure are of comparable magnitude
at the air—solution and for the freshly formed film at the
gold—solution interface.

There also are differences between properties of the film at
the two interfaces. At the air—solution interface, the change
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change in the electrode potential (charging of the metal
surface) in an analogous fashion to the compression and de-
compression of the film at the air—solution interface by the
movement of the barrier in a Langmuir trough. The decom-
pression (compression) is driven by the energy supplied per
unit surface area. In a Langmuir trough, mechanical energy
is used to change the state of the film. Our result shows,
that at the metal—solution interface, electrical energy may
be employed to impose a similar change in the film struc-
ture. At the surface of a Langmuir trough the film may be
compressed—decompressed reversibly, provided the barrier
is moved sufficiently slowly. Similarly, at the metal—solution

Vt+——"T—T— 7T T T T
0 5 10 15 20 25 30 35 40

interface, the film may be desorbed and re-adsorbed repro-
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ducibly by applying the electrode potential. However, our
data show that the re-adsorbed film contains more defects
(larger tilt angle) than the film freshly transferred from the
gas—solution interface. Apparently, more ordered films are
formed at the air—solution interface when they are com-
pressed by a mechanical force than at the metal-solution
interface where the compression is achieved with the help
of the electrical energy.

Fig. 11shows the PM-IRRAS in the region of the asym-
metric stretch of the terminal methyl groupgCHz). For
comparison the band in the spectrum calculated for randomly
oriented molecules (calculated from the transmission spec-
trum of the solution ofn-octadecanol) is also included in
this figure. In the spectrum of the solution species, this band
overlaps with theva CHy) band. To facilitate further discus-

sion, the CH stretching bands in the spectrum for the solu-
tion species have been de-convoluted and the de-convoluted
vag(CHs) band is plotted irFig. 11

In the isolatech-octadecanol molecule, the terminal €H
group has rotational freedom and\Csymmetry[47]. One
symmetricvag CHs) band with a FWHM equal to 17.2 cm
is seen in the spectrum. In the spectrum of the monolayer,
the vaCH3) band is asymmetric and can be de-convoluted
into two overlapping bands located at 29520.2 cm ! and
29575+ 0.2 cm L. Fig. 11B plots the separation between
the two de-convoluted bands as a function of the electrode
from the vertical (zero tilt angle) to the tilted state is dis- potential. The change of the FWHM of these bands with
continuous. At the metal—solution interface the change from potential is shown irFig. 11C Clearly, in the spectrum of
an initial tilt of ~12° to higher tilt angles is gradual. At the the monolayer, the,CH3) bands are narrower than in the
gold—solution interface, the gradual change of the tilt an- spectrum of the solution species. The separation of these
gle may be caused by the presence of impurities, due to thebands increases slightly by moving from the tilted to the
residual oxidation of the-octadecanol film. In addition, de-  non-tilted state.
fected sections of the film may contribute to the measured The narrowing and the split of the asymmetric methyl
initial tilt of ~12° atzr > 13mNnT L. The X-ray diffraction stretch band were observed in spectra of crystalline
technique, employed to determine the tilt angle in the film n-paraffins. They are attributed to restricted rotation of the
at the air—solution interface, probes only ordered domains. terminal methyl groug47]. When the mobility of the Ckl
In contrast, IR reflection spectroscopy measures the averageyroup is restricted, its symmetry is lowered te &nd the
tilt angle for all molecules at the surface, both in ordered vaCHs) band splits into two bands. TheggCHs),; band
and disordered domains. at higher frequencies~2960.0cnl) has the transition

The similarity between the tilt angle versus surface dipole moment parallel to the plane in which the zigzag of
pressure plots determined for the gold—solution and the the hydrocarbon skeleton is located. The transition dipole
air—solution interfaces indicates that, at the metal—solution of the lower frequency banghgCHs), (at ~2952 cnt?) is
interface, the film is compressed or decompressed by adirected out of the zigzag plarjé7,48,50]

(B) Surface pressure / mN m™

Fig. 10. (A) For the monolayer ofi-octadecanol at (A) Au(111) elec-
trode and (B) air—solution interface, dependence of the tilt angle of hy-
drocarbon chains on the surface pressure: (A) tilt angles determined from
PM-FT-IRRAS experiments; the first negative scan (filled squares), suc-
cessive negative scans (filled circles); (B) literature values of tilt angles
determined by: Brewster angle autocorrelation spectros¢agy (open
triangles), grazing incidence X-ray diffractiq@4] (open circles), X-ray
diffraction [22] (open squares).
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77 Fig. 11Bshows that the peak separation-ié cnit. Such

0.002 ; splitting is expected when rotation of the methyl group is

S restricted by an interaction with the chain. The width of
the vafCHg)p band 7 cnl) is also comparable to the
width of the motionally narrowed methyl bandsriralkanes
[47]. The data inFig. 11B and Cshow that the separation
increases and the width of the{CHs), band decreases
when E > —0.3V and the transition from the tilted to the
non-tilted state takes place. Such behavior suggests that the
rotational mobility of the methyl group is more restricted in
the non-tilted state of the film. However, the width of the
vag{CHzs)4 band centered at 2960.0 Chis comparable to
the width of theva(CHs) band in the solution species. That
band is not significantly narrowed. This behavior suggests
(A) Wavenumber / cm™ that a fraction oh-octadecanol molecules in the film contain
methyl groups whose rotation is restricted and a fraction of

AS

AS

T T T T g T v
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molecules whose methyl groups can rotate. ThHg€CHz3)4
6.2+ . band and the band of the rotationally unrestricted methyl
e group have similar frequencies and in the mixed film the
2 6.0 . two bands can not be separated.
5 L] L] L} L}
©
© 5.8 s = N .
Y 4. Summary and conclusions
»n | I |
4]
§ 567 - We have demonstrated that a monolayen-oictadecanol
= " - spread at the air—solution interface can be transferred onto
5 541 . the surface of a Au(1 1 1) electrode using either a horizontal
:’% . touch or a Langmuir—Blodgett technique with a transfer ra-
5.2 -— tio ~1. Lower transfer ratios were observed when the film
-10 -08 06 -04 02 00 02 04 was transferred onto a large surface area gold-coated block
(B) E/V of quartz. Electrochemical measurements allow one to de-
164 termine the surface pressure of the film at the gold surface.
l - . The properties of the film at the electrode surface may be
154 LI Tl - then correlated with the surface pressure. Our results show
144 . - that the monolayer af-octadecanol displays a two-state be-
1o - ] havior. The transition between the two states is observed at
e 13- " ~12mNnTt. Neutron reflectivity and PM-FT-IRRAS ex-
S 122 periments were performed to identify the nature of the two
b= 1 states. These data revealed that at film pressures higher than
S 7.5 . R 12 mN nT! the octadecanol molecules assume a nearly ver-
[TH 1 ° ° . . . . . . .
. tical orientation in which the chains form a small tilt angle
7'0'_ .o ~10° with respect to the surface normal. Here, the tilt angle
6.5 *le o 1 ° is essentially independent of the surface pressure. In con-
E——————— trast, at/lT < 12mNnT! a tilted state is observed in which
-1.0 -08 06 -04 -02 00 02 04 the tilt angle increases progressively with decreasing film
(© E/V pressure.

_ We have demonstrated that a monolayen-oictadecanol
Fig. 11. For the monolayer af-octadecanol at the Au(111) surface: (A) displays similar properties at the metal—solution and at the
The va(CH3) band in the PM-FT-IRRA spectra at several potentials in- . lution i £ h ial l he el
dicated in the figure (solid lines), calculated spectrum for the randomly air—solution interfaces. The potentia app ied to the electrode
distributed monolayer (dashed dotted line), deconvoluted spectra (dotted Surface changes the surface pressure in a manner analogous
lines); (B) separation between the two de-convolutgfCHs) bands plot- to the action of a movable barrier in a Langmuir trough.
ted against potential; (C) dependence of the FWHM of the_ deconvoluted | the first case, the surface pressure is Changed due to the
vas(Chs) band (peak at 2057 cmh (squares); at 2952 cm (circles) on supply/withdrawal of electrical energy and in the second
the electrode potential). . . .
case it responds to the action of a mechanical force. How-
ever, more ordered films are formed at the air—solution in-
terface as a result of the mechanical compression than at
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the metal—solution interface as a result of the electrochemi-[20] G. Lautz, Th.M. Fischer, J. Phys. Chem. B 101 (1997) 8790.
cal compression. We have demonstrated that a combinatiorf21] G-A. Lawrie, G.T. Barnes, J. Coll. Interf. Sci. 162 (1994) 36.

of electrochemical, neutron reflectivity and PM-IRRAS ex-

[22] G. Brezesinski, V.M. Kaganer, H. Mohwald, P.B. Howes, J. Chem.
Phys. 109 (1998) 2006.

periments allows one to understand the nature of the po-(>3) R, ‘steitz, J.B. Peng, I.R. Peterson, L.R. Gentle, R.M. Keun, M.

tential induced changes in the structure of a monolayer of

amphiphilic molecules at a molecular level.
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